Whereas ecosystem service research is increasingly being promoted in science and policy, the utilisation of ecosystem services knowledge remains largely underexplored for regional ecosystem management. To overcome the mere generation of knowledge and contribute to decision-making, scientists are facing the challenge of articulating specific implications of the ecosystem service approach for practical land use management. In this contribution, we compare the results of participatory mapping of ecosystem services with the existing management plan for the Pentland Hills Regional Park (Scotland, UK) to inform its future management plan. By conducting participatory mapping in a workshop with key stakeholders (n = 20), we identify hotspots of ecosystem services and the landscape features underpinning such hotspots. We then analyse to what extent these landscape features are the focus of the current management plan. We found a clear mismatch between the key landscape features underpinning the provision of ecosystem services and the management strategy suggested. Our findings allow for a better understanding of the required focus of future land use management to account for ecosystem services.
Introduction
The concept of ecosystem services is thought to protect nature by contributing to more informed decision-making in land use management. Although the utilisation of ecosystem services knowledge in decision-making is increasingly being promoted by academics and policy makers, its actual uptake in land use management remains largely undetermined (Cowell and Lennon, 2014; Jordan and Russel, 2014; Martinez-Harms et al., 2015) . Though there are a few studies that establish a clear link between ecosystem services knowledge and its implications for management (e.g. Bryan et al., 2010) , a large body of ecosystem services literature provides valuable insights on methods, conceptual issues, and reviews but fails to incorporate concise implications for land use management. Consequently, the utilisation of knowledge on ecosystem services in decision-making is found to be "massively under-researched" (Russel et al., 2016) .
Recent review papers suggest actions to overcome the mere generation of knowledge of ecosystem services and to effectively contribute to better environmental management. For instance, several "blind spots" are reported that are currently not sufficiently addressed in ecosystem services research, one of which referred to the relevance and usability of the case study results for the operationalisation of the ecosystem services concept (Lautenbach et al., 2015) . Another review on the use of monetary valuation in ecosystem service assessments concluded that researchers often seek to raise awareness rather than effectively contribute to decision-making (Laurans et al., 2013) . Similarly Martinez-Harms et al. (2015) identified the need to clarify how knowledge of ecosystem services can be used to support practical management decisions, by means of the clear articulation of objectives, consideration of alternative actions, and inclusion of stakeholder values and preferences by means of deliberative and participatory methods. In one of the few studies about the utilisation of ecosystem services knowledge that adopts an empirical approach, Posner et al. (2016) explore the factors that affect the impact of ecosystem services knowledge on decision-making based on 15 case studies. They found that the legitimacy of knowledge is the most important factor and https://doi.org/10.1016/j.landusepol.2018.12.022 Received 4 November 2017; Received in revised form 26 February 2018; Accepted 11 December 2018 advise that researchers engage meaningfully with decision-makers and stakeholders to incorporate the diversity of views transparently.
Participatory mapping has become a popular approach in ecosystem services research to identify spatial areas of supply and demand of ecosystem services which can be prioritised by land managers for their conservation and restoration (Brown et al., 2012; Wolff et al., 2015) . Participatory mapping studies describe processes where individuals take part in the creation of a map (Brown and Fagerholm, 2015) . They include public participation geographic information system (PPGIS) studies that use GIS technologies and aim to collect local knowledge and to include and empower marginalised populations (Brown et al., 2012; García-Nieto et al., 2015; Brown and Fagerholm, 2015) . Because ecosystem services mapping explicitly relates landscape features (spatial indicators) and ecosystem services supply (de Groot et al., 2010) , participatory mapping is found a useful method to support decision making in land use management aiming to ensure their future supply by producing spatially explicit results that can be integrated into explicit land use decision criteria (Brown and Fagerholm, 2015) . However, little evidence is found that mapped ecosystem services data is being utilised for land use management and few studies contain precise recommendations to integrate the mapped results into decision making (Brown and Fagerholm, 2015) .
In ecosystem services research, recent studies analyze the interlinkages between landscape features and the supply of ecosystem services (e.g. Burkhard et al., 2009; Martínez Pastur, 2016; van Zanten et al., 2016; Oteros-Rozas et al., 2017; Tenerelli et al., 2016) . Landscape features can be directly linked to the supply of ecosystem services, for instance by a specific land cover, e.g. forest being directly linked to the provision of timber (e.g. Burkhard et al., 2012) . Landscape features can be also related with ecosystem services supply through the use of additional proxies, e.g. recreational services of a landscape are defined by its land cover (e.g. natural area), and also depend on accessibility proxies (e.g. distance to roads; de Groot et al., 2010) . Therefore, it is an important challenge for future research to associate these results with current land use management practice in order to utilise ecosystem knowledge and make it applicable for decision-making.
Practices and priorities in land use management are commonly laid out in plans or strategic visions that aim to conserve biodiversity and other natural values (Pressey et al., 2007) . As such, conservation plans delineate strategic priorities for land management (Game et al., 2013) . These management plans can be strongly targeted to particular features. To streamline the management of ecosystems towards an ecosystem service perspective, it this therefore crucial to associate these landscape features with the supply of ecosystem services. A common method to extract strategic priorities from policy documents is content analysis (Krippendorff, 2012; Neuendorf, 2016) . Having its origins in social sciences and humanities, content analysis has recently also been employed in the examination of conservation policy documents (e.g. Leone and Zoppi, 2016; Li et al., 2016; Mascarenhas et al., 2015) .
The main aim of this study is to develop an approach that combines approved methods from ecosystem service research to apply the ecosystem services concept in practical land use management, and discuss implications for the prioritisation in management planning for a case study in the Pentland Hills Regional Park (Scotland, UK). In doing so, we (1) identify hotspots of cultural, provisioning and regulating ecosystem services through participatory mapping, (2) explore landscape features able to provide such ecosystem services hotspots, (3) investigate current land use management priorities, and (4) uncover mismatches to allow for a better understanding of the intended focus of future land use management measures to account for ecosystem services (Fig. 1) . We combine three approaches, i.e. participatory mapping, spatial analysis of landscape features and ecosystem service supply, and document analysis, to inform land use management in the Pentland Hills Regional Park (Scotland, UK).
Study area
The Pentland Hills Regional Park (PHRP) is located to the southwest of Edinburgh (Fig. 3A) and fulfills various functions. Designated under the Countryside (Scotland) Act, 1967 and The Regional Parks (Scotland) Regulations, 1981, the main objective of the protected area is to promote the integrated management of land for economic (e.g. agriculture, forestry), nature conservation, and recreational objectives (Scott Wilson, 2007a) .
Covering an area of approximately 9.200 ha, it comprises a range of different land covers and semi-natural habitats and is predominantly upland in character. The highest point in the Park is Scald Law at 579 m. The upland areas of the park are dominated by grassland (41% of the park area) and dwarf shrub heath (32.5%). Better quality arable land (9%) is present at the peripheral areas at the park boundary. Particularly in the south-west of the park, coniferous woodland is the other major land cover (11.5%). Broadleaved and mixed woodland is found in smaller patches across the park, mostly on lower lying slopes and in the glens that divides the park. Parts of Edinburgh's water supply are provided by two reservoirs, two other reservoirs provide drought option sources, and there are also a number of private water supplies in the park. The PHRP has been subject to a study on socio-cultural values of its visitors in 2014 (Schmidt et al., 2016a (Schmidt et al., , 2017 ) and a subsequent study on the application of the ecosystem approach to collaborative land use and management (Phillips et al., 2016) funded by Scottish Natural Heritage, the lead public body responsible for advising local and national authorities on all matters relating to the natural heritage.
Decisions concerning the practical use and management of land in the regional park are subject to a range of public and private interests. The role of the park management is to offer support and build consensus on shared objectives for the use and management of the park, recognising that decisions concerning most land in the park are ultimately within the hands of the landowner/tenant. The City of Edinburgh Council is currently the managing and lead authority of the park and therefore responsible to revise the current management plan which will give a new strategic vision of the park. The management plan's purpose is to provide the contemporary strategic framework guiding the PHRP management in the formulation of related management action plans (Scott Wilson, 2007a) . The current management plan (81 pages) consists purely of text and tables that outline management actions, spatially explicit considerations for individual areas are not made. Input to issues regarding land use and management planning is provided by the Consultative Forum, a stakeholder group containing a range of interests within the regional park. Ecosystem services are currently not accounted for in the management plan.
Methods
We used a mixed methods approach to explore the various objectives (Fig. 1) . Mixed methods research is praised for its pragmatism because it legitimizes researchers to combine methods that are most suitable for answering their research questions (Johnson and Onwuegbuzie, 2004) . The methodological approach involves four steps. Within the first step (Section 3.1), we facilitated a participatory mapping exercise of ecosystem services to identify their spatial location within the park. We employed intensity analysis in GIS to combine the mapped ecosystem services to ecosystem services hotspots. In a second step (Section 3.2), we explored biophysical landscape features that underpin the occurrence of ecosystem services. We conducted redundancy analysis to examine the spatial relationship between landscape features and ecosystem services hotspots. In the third step (Section 3.3), we analysed the content of the management plan of the PHRP to detect current management priorities related to landscape features. Finally, we compared the results of the redundancy analysis of landscape features that underpin the supply of ecosystem services and the results of the content analysis that reveal current priorities in the management of landscape features. The mismatch we uncovered was used to suggest a possible focus for future management.
Participatory mapping and post-processing of ecosystem services hotspots
We applied PPGIS to identify hotspots of ecosystem services supply during a stakeholder workshop. Participatory mapping of ecosystem services draws on the expertise and local knowledge of stakeholders to explore spatial relationships between landscape characteristics and ecosystem services supply (Brown and Fagerholm, 2015) . The workshop was attended by 20 self-selecting members of the Consultative Forum of the PHRP (Section 2). Participants included representatives of local authorities (5 participants), local communities (2), farmers and land owners (5), organised recreational groups (4), a non-governmental organisation (1), and statutory agencies (3).
During the mapping exercise, we used large (A0) paper maps of the Pentlands on a 1:18,000 scale to allow participants to identify the location of different ecosystem services provided by the regional park. Ecosystem services were selected for consideration in the workshop by the project facilitation team, which consisted of an environmental consultancy, Scottish Natural Heritage, and three researchers who have been engaged in ecosystem services research in the Pentland Hills since 2013. The list of ecosystem services was informed by results from the previous study on visitors' socio-cultural values of ecosystem services (in agreement with the regional park management, see Schmidt et al., 2016a Schmidt et al., , 2017 . Participants used sticky dots and drawing directly on the maps to indicate the places where ecosystem services are supplied and draw directly on the maps (Fig. 2) . The maps included some existing information about the physical characteristics of the park as prompts for this exercise: Fig. 1 . Flow chart of the objectives and methods (circles) and used data (rectangular brackets) in this study.
• cultural ecosystem service map: formal paths, listed buildings, areas that might be considered 'wild', gardens and designed landscapes, scheduled monuments, conservation areas, country parks;
• provisioning ecosystem service map: burns, arable land, pasture, new woodland plantings (2007) (2008) (2009) (2010) (2011) (2012) (2013) , windfarm application;
• regulating ecosystem service map: burns, riparian woodland, woodland on steep slopes, carbon rich soil/deep peat.
At the beginning of the workshop, participants were introduced to the concept of ecosystem services which were referred to as "natural environment benefits".
Participants were divided into three groups of 6 or 7 stakeholders, each with representatives of (almost) every stakeholder group. Each group was asked to map ecosystem services out of an assigned ecosystem service category (Table 1 ). In the regulating service category, we had initially also asked participants to map the service "erosion control". As suspected during the discussion in regulating services group and confirmed by the spatial location of the data points, participants conflated "erosion control" with the occurrence of erosion. Therefore, we did not include "erosion control" in the analysis as it actually represents the "erosion" pressure.
Data points that were collected at the workshop were digitised in a GIS. To describe the spatial intensity of the mapped ecosystem service categories, we used a quadratic Kernel function that calculated the density of point features around each output raster cell in a raster grid (Silverman, 1986) , which is a commonly used method for identifying the spatial arrangement of ecosystem services in research (Brown and Fagerholm, 2015) . The Kernel function fits a smoothly curved circular surface over each point by adding the values of all the kernel surfaces where they overlay the center of the raster cell. The Kernel density search radius was set to 200 m to reflect the local scale of the landscape and to compensate potential inaccuracy of the mapped out ecosystem services. The outputs of the Kernel analysis are referred to as 'ecosystem services hotspots'. Building on Brown and Fagerholm (2015) , we define hotspots as those areas in the regional park where the workshop participants identified multiple ecosystem services and that therefore have a relative higher concentration of services. We differentiate between hotspots for cultural, provisioning and regulating ecosystem services.
Redundancy analysis to identify landscape features underpinning ecosystem services hotspots
We performed redundancy analysis (RDA) to examine the relationships between ecosystem services hotspots (dependent variables) and landscape features (explanatory variables) in the PHRP. RDA has been suggested as an adequate quantitative method to examine whether the overall ecosystem service supply can be explained by a set of environmental factors (Mouchet et al., 2014) . RDA visualises ordinations of response variables constrained by explanatory (e.g. environmental) variables (Legendre et al., 2011) . First, it performs multivariate regressions of a response matrix on an explanatory matrix and so produces a matrix of fitted values. Second, it performs a principal component analysis of this matrix with fitted values. This principal components analysis produces the canonical eigenvalues and eigenvectors, and canonical axes which are used for the ordination diagrams.
To explain hotspots of ecosystem service supply (i.e. response variables), landscape features were derived from spatial data (i.e. explanatory variables). We prepared a regular vector grid with 9180 cells and a cell size of 100 x 100 m to cover the regional park. All landscape features were extracted for each cell of the vector grid using various analytical GIS indicators (see Table 2 for an overview of dependent and explanatory variables). The landscape features and additional proxies were grouped into landscape feature classes (Table 3) which relate directly to the management priorities in the current management plan (see Section 3.3).
Landscape features and proxies were based on land use and land cover data as well as further geoprocessing work (e.g. distance calculations; Table 2 ). For instance, we mapped accessibility and recreational assets by measuring the distance between car parks, park paths, bus stops, woodland, water, and hilltops and each grid cell with the GIS proximity tool. This way, we recognise particular logistical or landscape features outside of the grid cells that may still have an impact on recreational use. Additionally we identified if the cells lay within one of the two Country Parks, which are areas with landscape, recreational, and wildlife attributes that are representative of the Pentland Hills but managed exclusively by the local authorities and therefore without commercial pressures, for instance, of farmers. We also performed a visibility analysis using viewshed to identify the visual range of each cell. Here we assumed that visibility of the landscape has a large impact on recreational services (see e.g., Chen et al., 2009 ). To represent biodiversity, we used Scottish Natural Heritage's map of Wild Land Areas to assess the relative wildness of each cell. The data set used four physical attributes to describe wilderness: perceived naturalness, rugged or challenging terrain, remoteness from public mechanised access, and visible lack of built development and other modern artefacts. Though the Pentlands are not part of a recognised Wild Land Area, the wilderness index is used as a relative measure of wildness in between cells. Additionally, we used a focal neighborhood analysis to assess the number of land cover classes in the surrounding cells as measure of habitat heterogeneity. All editing and analysis of spatial data was conducted using Esri's ArcMap 10, except for the viewshed analysis where QuantumGIS 2.14 was used. We used Moran's Index (Moran, 1950) to measure spatial autocorrelation of ecosystem services hotspots (specification of hotspots as described in Section 3.1). Because we found positive correlations among all three sets of hotspots (cultural: Moran's I: 0.22, z-score: 13.7, regulating: Moran's I: 0.16, z-score: 10.25 provisioning: Moran's I: 0.20, z-score: 13.1), we continued our analysis with a random selection of 10% of the data points (García-Nieto et al., 2015; Palomo et al., 2014) . We selected a balanced subset of the sample in which half of the data points lay within ecosystem services hotspots and the other half outside. Data points within hotspots were selected proportionally to the amount of points (sticky dots) that were originally mapped per ecosystem service category (cultural: 35%, regulating: 42%, provisioning: 23%). We randomly selected 161 cells with the highest density of cultural services, 105 cells with the highest density of provisioning services, and 193 cells with the highest density of regulating services. 469 cells were (Belsley, 1991) . Whereas a VIF of 1 indicates non-collinearity, a VIF over 10 indicates redundant constraints. In the redundancy analysis, we omit all explanatory variables that have a VIF > 5. We used Monte Carlo permutation tests to assess the significance of the explanatory variables (ter Braak, 1992). Then we calculated the proportion of variance that was explained by the axes to assess how well the ordination was representing each hotspot (goodness of fit). To find the best model of explanatory variables, we used automatic stepwise model building based on permutation tests (Blanchet et al., 2008) . We generated a biplot of the variables of the best model RDA to graphically display the patterns of landscape features and how they relate to the ecosystem services hotspots. To avoid heteroscedasticity, we log-transformed both dependent and explanatory variables before carrying out the RDA. All calculations were performed with the statistical software R version 3. 3.3 (2017-03-06; R Core Team, 2017) . The RDA was performed with the 'rda' function in package 'vegan' (version 2.4-2).
Content analysis to identify current management priorities
To review current management priorities, we performed quantitative content analysis on the current Management Plan (Scott Wilson, 2007a) . Content analysis is a widespread, originally qualitative research methodology that emerged from the social sciences but has been repeatedly employed in other fields of study including ecosystem services research (e.g. Garrido et al., 2017; Richards and Friess, 2015) . Content analysis is found a suitable approach to summarise and quantitatively analyse so-called 'messages' which follows the standards of other scientific criteria (Neuendorf, 2016) . After determining the type of content to be examined, the investigators need to typically define variables that are used in their study as well as measures or units of data collection. On this basis, the investigator can develop appropriate coding schemes to finally conduct the content analysis (Neuendorf, 2016) .
In this study, we derived a broad list of key categories ('codes') for possible management priorities by examining the landscape feature classes able to provide ecosystem services hotspots (Table 3 ). We disregarded possible management aims that were unrelated to any of the landscape feature classes underpinning ecosystem services hotspots, e.g. renewable energy. The management plan was then scrutinised for phrases ('codings') that related to these codes, e.g. "recreational pressure" as a coding for "recreation" (code), "landscape and the habitat" as a coding for "biodiversity" (code). Subsequently, we added together the amount of codings for each of the codes. This approach was based on the assumption that priorities in land use management would be more frequently addressed than subordinate management objectives. We used MAXQDA Analytics Pro software (MAXQDA, 2017) to facilitate the content analysis.
Comparison of ecosystem service providing landscape features and current management priorities
We compare RDA scores and content analysis counts by ranking them. By comparing the ranks of landscape feature classes, we uncovered mismatches between the landscape features providing ecosystem services and the landscape features included in the current management plan. Because RDA scores for landscape features were multidimensional, i.e. available on three axes, we ranked them according to their weighted means based on the proportion of each axis' contribution to the explained variance (Section 4.2). Management plan codes were ranked based on the counts of their respective codings (Section 4.3). The results of the ranking exercise allow for a better understanding of the required focus of future land use management measures to also account for ecosystem services.
Results

Ecosystem services hotspots
The spatial distribution of ecosystem services hotspots as indicated in the participatory mapping differs between ecosystem service categories (Fig. 3B-D) . Cultural services such as experiencing nature, physically using nature and educational services are mostly located near water reservoirs in the northwest of the park. The upland areas located in the north of the park and the ridge ranging from the south-east center further south east are important areas for the recreational use of nature but also aesthetic, inspiration and spiritual benefits. Regulating service hotspots were mostly identified in bog areas (i.e. climate regulation, flood regulation) and in and around reservoirs (i.e. flood regulation, water purification) and waterbodies (i.e. water purification). Provisioning services were identified in a cluster around the north-west center, i.e. in the reservoirs (providing game fish and freshwater), in the grassland areas used as grazing and arable land (providing game and wild collected food, biomass for energy production, timber and other wood products), and scattered across the rest of park, i.e. within woodland patches (providing timber and other wood products), individual wind turbines (providing wind energy), along the arable and grazing land of the south-east border of the park (providing farmed food).
Landscape features able to provide ecosystem services
The permutation test indicated a statistically significant association between landscape features and ecosystem service hotspots (p-values: RDA1 0.001, RDA2 0.001, RDA3 0.01 from 999 permutations). VIF diagnostics revealed linear dependencies between distance to water (VIF 11.05) and water as well as distance to woodland (VIF 7.69) and woodland. We therefore omitted distance to water and distance to woodland from the further analysis (see Table 2 ).
The first two axes explained 95% of the total explained variance (Table 4) . Goodness of fit diagnostics suggested that cultural ecosystem services hotspots were best explained by the analysed landscape features, followed by regulating ecosystem services hotspots. The first axis (72% of variance) showed that the presence of water has the strongest implications for all three service categories, followed by the presence of bogs, diversity of land cover, absence of grassland, proximity of park paths, altitude, wildness, absence of arable land and viewshed (Table 4 , Fig. 4) . The second axis (23% of variance) indicated a trade-off between cultural and regulating ecosystem services hotspots. Whereas cultural services hotspots are mostly determined by recreational (historical buildings and viewshed) and accessibility indicators such as the proximity (as opposed to "distance to") to park paths, car parks, and of bus stops, regulating ecosystem services hotspots are characterised by the absence of these recreational assets, i.e. long distances to park paths, car parks, and bus stops, as well as little viewshed. Regulating services hotspots coincide with bog areas and places that are considered wild, whereas recreational ecosystem services hotspots mostly coincide with the presence of arable land and the absence of wildness and bogs (Table 4 , Fig. 4) .
The third axis (5% of variance) indicated a link between provisioning services hotspots and long distances to the next hilltop, the presence of fresh water and arable land and the absence of bogs. Interestingly, the proximity to car parks and bus stops and the presence of historical buildings coincide with provisioning ecosystem services hotspots as well (Table 4) .
Content analysis of current management priorities
The content analysis of the current management plan indicated a strong strategic focus on recreational and cultural use of the park, accessibility and biodiversity management (Fig. 5) . Most types of land cover (i.e. moorland, water, heather) were mentioned only a few times or have not been referred to once in the management plan (i.e. grassland).
Codings for recreation included several mentions of recreational pressures as well as recreational activities (Table 5) . Biodiversity was referred to as "landscape", "habitat", and "environment", and was accounted for by a few examples of habitat and species. Cultural heritage codings included direct mentions as well as accounts of landscape character. Codings for accessibility ranged from "responsible access for all" to public and private transportation modes. Woodland was frequently mentioned within the scope of forestry. Arable land / farmland was referred to as the predominant business activity in the Pentlands and described as a significant land use within the park which shapes the landscape. Geology codings included direct mentions as well as a few indirect ones through the account of Regionally Important Geological and Geomorphological Sites (RIGS) groups. Codings for moorland conservation were sometimes conflated with heather management. On a few occasions, they were counted towards "moorland", despite containing references to "heather" (e.g.,"implementation of Moorland Management Plans for core areas of heather cover to ensure that the resource is maintained and enhanced"). Codings for water include water based recreation, integrated water management, and the management of reservoirs. Hills were acknowledged by their "essential character".
Comparison of current management priorities and landscape features able to provide ecosystem services
The comparison of results of the RDA with the content analysis of the management plan revealed multiple mismatches (Fig. 6) . When ranking landscape features according to their weighted means based on the proportion of all three axes' contributions to the explained variance, we found surface water was the most important landscape feature for the provision of ecosystem services, followed by distance to park paths (as proxy for recreational assets), bog, land cover diversity (as proxy for biodiversity), distance to car parks (as proxy for accessibility), and grassland. Surface water and bog/moorland play a minor role in the current management plan although they are important landscape features for the provision of regulating, provisioning, and regulating ecosystem services. By contrast recreational assets ranked first in the content analysis, although they are mostly important for the provision of cultural ecosystem services. Biodiversity features, which play an important role mostly for cultural and regulating ecosystem services, are also frequently discussed in the current management plan, though there is no explicit mentioning of 'wildness'. Cultural heritage features are associated with cultural ecosystem services in the RDA and are frequently mentioned in the management plan.
Discussion
Methodological approach
This study adopts an innovative approach towards the operationalisation of the ecosystem services approach in land use management. By integrating complementary and diverse methods and disciplines as well as including multiple actors, we address a few of the current challenges towards real-life application of ecosystem services valuation (Jacobs et al., 2016 (Jacobs et al., , 2017 . Our study illustrates an effective empirical approach to utilise ecosystem services knowledge by comparing the landscape features underpinning the provision of ecosystem services with the current land use management strategy. For practical use in land use management, it can be easily reduced to a PPGIS mapping exercise which highlights spatially explicit hotspots of ecosystem service supply and potential conflicts between ecosystem services, including areas that need special attention. However, we need to mention several limitations of our mixed methods approach as well as aspects that could be developed further through future research.
First, interactions among sets of ecosystem services, so-called ecosystem service bundles, and understanding the mechanisms behind their grouping can be used to adapt management requirements in a way that they avoid trade-offs and create synergies instead of simply responding to existing synergies and trade-offs (Bennett et al., 2009 ). In our study, we chose a simple PPGIS approach to assess and map ecosystem services without accounting for their interactions among each other. We reviewed the correlation of ecosystem services by accounting for spatial autocorrelation and selecting a balanced sample for our further analysis. However, future research should elaborate on the landscape mechanisms behind the grouping of ecosystem services in bundles.
Second, our PPGIS approach to mapping ecosystem services is based on stakeholder perspectives and understanding of the Pentland Hills landscape and the mechanisms by which landscape features can contribute to ecosystem services supply. This is a recognised approach for mapping ecosystem services supply (Brown and Fagerholm, 2015) , and essentially relies on the socio-cultural values of diverse, stakeholders. It thus highlights areas of great importance to people in the park. Stakeholders in this study had a high degree of local knowledge based human-environment interactions and personal experience in the park (see Raymond et al., 2010) as they included people from the park management, local farmers and land owners, and diverse user groups (e.g., recreational, conservation volunteers). Participants to the workshop also included people from the councils and community councils with local knowledge on plans and development planning as well as people from individual sectors with very specific local knowledge, e.g. Scottish water companies. However, our PPGIS approach is premised on stakeholder perceptions only. To present a multidimensional view of ecosystem services, future contributions should seek to combine our approach with biophysical and monetary methods based on empirical assessments of physical flows of ecosystem services, using environmental and monetary data (e.g. soil carbon stocks, recreational visitor surveys, agricultural yields). Third, when we explore the landscape features that underpin ecosystem services, it is difficult to link ecosystem services to specific causal factors because there is still a lack of clarity of which variables contribute to the supply of ecosystem services (Andersson et al., 2015; Bennett et al., 2009; Mitchell et al., 2015) . In our study, we chose a list of variables for which spatial data was available; however, to explore the effect of further variables on ecosystem services hotspots, such as species diversity, vegetation composition, and erosion risk can provide more specific information for the park management.
Fourth, the selection of sample cells has an impact on the analysis of landscape features and selection criteria need to be representative and transparent (Brown and Fagerholm, 2015) . Instead of selecting all of the mapped ecosystem services by participants of the workshops, we deliberately used the Kernel function to account for the spatial variability of the landscape and not over-interpret the positional accuracy of mapped ecosystem services (Brown and Fagerholm, 2015) . To account for spatial autocorrelation, we used only 10% of the possible data points, while maintaining the balance of mapped ecosystem services per ecosystem services category in line with recent research studies (García-Nieto et al., 2015; Palomo et al., 2014) . Additionally, half of our sample cells were positioned outside of ecosystem services hotspots and served as reference points.
Fifth, the quality of content analysis is strongly dependent on the validity, reliability, accuracy and precision of measurements and can be strongly affected by human coding practice (Neuendorf, 2016) . As such, coding in this study is at risk of rater bias as coding was only performed by the first author. As a general tendency, it is apparent that recreational features are repeatedly included in the current management plan while land cover and more ecologically focused landscape characteristics (e.g. water, grassland, woodland) are less frequently discussed. 
Table 5
Examplary codings from the Pentland Hills regional park management plan.
Codes
Exemplary codings Recreation "recreational pressure" "land use pressures of those visiting" "responsible public enjoyment" "recreational activities" Biodiversity "landscape and the habitat" "changing environment" "grouse moor" "adder" "otter" "water vole" Cultural heritage "conservation of the Pentland Hills Regional Park's natural and built heritage assets" "the Park's landscape, cultural and natural heritage feature" "drystane dykes contribute to the landscape character and their repair encourages the retention of traditional skills" Accessibility "responsible access for all" "promotion and management of responsible access" "monitoring path conditions" "public access network of paths" "transport links" "private to public transport" "vehicle parking" "public utilities" Woodland "new forestry design to complement the hill environment" "cognisance of changes in policy and practice in relation to forestry" Arable land / farmland "traditional land use" "agriculture is the predominant business activity and a significant land use within the Pentland Hills Regional Park which has an influence on the landscape" Geology "understanding of the underlying geology of the Pentland Hills" "support and encourage participation in local RIGS [Regionally Important Geological and Geomorphological Sites] groups and include information about RIGS in interpretive material" and "discuss with local RIGS groups the potential to assess all geological expanses in the PHRP" Water "water based recreation" "integrated land and water management" "transfer of some of the PHRP reservoirs from Scottish Water to the City of Edinburgh Council (CEC)" Moorland "Blanket bog" "Halting the loss of moorland habitat " "Support the production and implementation of Moorland Management Plans for core areas of heather cover to ensure that the resource is maintained and enhanced" Heather "Secure funding to re-survey heather cover in the PHRP to allow comparison to be made with 1993 Heather Moorland Survey and 1976 Vegetation Survey" "Changes in the levels of heather moorland cover" Hills "the essential character of the hills"
But slight variations in measurements have little effect in our mixed methods approach that compares general findings of the output of two strongly heterogeneous methods, such as quantitative redundancy analysis and qualitative content analysis. If, however, general terminological discrepancies arise, e.g. the conflation of farmland and grassland (Section 5.2), researchers would be well advised to discuss these with the authors of the document, in our case the PHRP management, and ultimately avoid them. As a related point, it is entirely feasible that management objectives for landscape features other than recreational assets (e.g. land cover, ecologically focused aspects) are held in plans and practices that were not considered in the content analysis (e.g. whole farm plans, commonly accepted practices of farmers and other land managers, relevant regulatory regimes). Future research should aim to take a more comprehensive view of the plans, policies and practices impacting land use management in the Park by including additional material in the content analysis (including interviews with farmers and other land managers). Finally, there are several caveats of PPGIS that apply to our case study as well, such as the effect of scale on the mapping results (Grêt-Regamey et al., 2015) and the number and selection of participants at the workshop (Palomo et al., 2014) . Despite these aspects, our study demonstrates how ecosystem services knowledge can be used to guide future land use management towards a better understanding of landscape features that influence the provision of ecosystem services in the PHRP. The collaborative character of PPGIS between facilitators and participants, for instance, enables a better interpretation of the results. In this study it enabled us to exclude erosion control from the analysis due to false interpretation of this service on behalf of the participants.
Implications for land use management
In their review of empirical studies that map ecosystem services using PPGIS, Brown and Fagerholm (2015) report that none of the reviewed articles describe how their mapped ecosystem data could practically be used for land use management. By analysing landscape features that are capable to provide ecosystem services and comparing them to current management priorities, we addressed this research gap and provide recommendations for the revised management plan as outlined below.
In line with previous studies (Burkhard et al., 2009; Martínez Pastur et al., 2016; van Zanten et al., 2016) , our findings suggest that certain types of land cover are important for the supply of ecosystem services. For instance, cultural ecosystem services have been linked to accessibility indicators (Martínez Pastur et al., 2016) and arable land (van Berkel and Verburg, 2014; van Zanten et al., 2016) in previous studies. Grassland is also a significant contributor to cultural services as it has the capacity to provide local identity and recreation (Martínez Pastur et al., 2016) as well as aesthetic value (Lamarque et al., 2011) . Our results further underline Brown's (2013) findings that water has the greatest social value for ecosystem services and that land cover diversity is an important contributor to ecosystem services value . However, our results could not confirm the importance of woodland for the provision of ecosystem services (Burkhard et al., 2009; Brown, 2013; Martínez Pastur et al., 2016) . This could be due to the small size and dispersal of patches in the PHRP that are covered with woodland (Section 5.2). The largest connected area covered with woodland, a non-native commercial conifer plantation, is at the very southwest border which is among the least visited of the park (Schmidt et al., 2016b) . Consequently, stakeholders did not associate any of the cultural ecosystem services with that particular area. The comparison analysis between the identification of landscape features essential to provide ecosystem services and those landscape features included in the current management plan shows that there are numerous associations between current management practices and cultural ecosystem services. However, there is a need for land use management to focus on landscape features that are capable of supplying regulating and provisioning ecosystem services in future management planning.
Our analysis has the potential to increase the consideration of ecosystem services in future PHRP management by highlighting the mismatch between current priorities of landscape feature management and those landscape features that underpin ecosystem services supply. Several landscape features could be associated with ecosystem services in the spatial analysis but are currently not prioritised in the management plan. Based on our analysis, all ecosystem service categories would benefit if future management would highlight the importance of surface water bodies such as the reservoirs and emphasise an integrated management of the water bodies, e.g. by habitat management in Fig. 6 . Proportional value of key landscape features based on landscape features underpinning ecosystem services (redundancy analysis results-dark grey) and management priorities (content analysis results-light grey). Values for landscape features underpinning ecosystem services were based on ranks according to weighted means based on the proportion of each axis' contribution to the explained variance and normalised. Values for management priorities were based on counts of the codings for each key landscape feature and normalised. riparian areas, access provision, water quality management. In the Pentland Hills, water bodies are partially owned and managed by Scottish Water, a publicly owned company that provides drinking water and disposes of sewage water in Scotland. Given that not all reservoirs lie within the management authority of the regional park, the effect of emphasising the benefit of water bodies in the next management plan may be restricted.
For the supply of cultural ecosystem services, we found recreational, accessibility, and cultural heritage features to be most important followed by biodiversity, arable land and grassland. Several of these landscape features are already among the priorities of current management planning (i.e. recreational assets, biodiversity, accessibility, and cultural heritage). In our spatial analysis, the important role of arable land for the provision of cultural ecosystem services could be conflated because of the proximity of arable land and the water reservoirs, which provide various opportunities for experiential and physical interactions with nature. We therefore suggest to further investigate the need to include arable land as a management priority (including possible risks to productive farm land that may arise from increased recreational pressure). Surprisingly, grassland received no mentions in the management plan at all, implying it has no priority despite its relevance for sheep farming activities and giving the Pentland Hills much of its landscape character. This can likely be explained by our selection of codings: We included "farmland" in the same category as "arable land" in our analysis of the management plan, not considering the possibility that farmland may refer to areas where sheep farming takes place, i.e. grassland. Whether an area is used for crop production or for sheep farming can have strong implications for the provision of ecosystem services, e.g. by limiting access to the area, compromising wildlife habitat. Grassland, which is also used for sheep farming in the PHRP, likely fell into the category of "farmland" in the terminology of the management plan, which in our analysis counted towards "arable land". However, next to cultural, recreational, and accessibility features, cultural ecosystem services hotspots are frequently associated with grassland which should therefore be highlighted in the future management plan.
For the supply of regulating ecosystem services, we found bogs and biodiversity to be most important. Because heather was occasionally mentioned within moorland conservation measures in the management plan, the differentiation of bog and moorland in the document analysis was conflated in a few cases. If there was a clear reference to moorland conservation, we counted the coding toward "moorland". While heather and moorland measures were sometimes conflated in the management plan, the spatial analysis suggested that bogs are a significant contributor to regulating ecosystem services while heather was found to be generally insignificant for the supply of ecosystem services. Because of this difference for ecosystem service supply, we suggest for the future management strategy to distinguish more clearly between measures for heather and bogs/moorland. Further, we emphasise the importance of moorland for regulating ecosystem services and suggest to make it a priority in the future management plan, e.g. by restricting bog areas to extensive grazing, moorland vegetation management, managing an effective muirburn regime.
Biodiversity and species conservation are currently the second highest priority in the management plan, and landscape features associated with biodiversity (i.e. wildness, land cover diversity) have also been confirmed highly relevant for ecosystem services supply. These results indicate good synergies between extant conservation measures and ecosystem service supply in the PHRP. The emphasis on biodiversity is considerably higher in the current management plan than its importance for ecosystem service supply (Fig. 6) . Even so, conflicts with biodiversity conservation measures would be very limited in this case study due to the generally low-impact use of the regional park, i.e. restricted development, extensive farming practices, sheep raising, principles for the management of events. Still, our results indicate that a shift towards an ecosystem service focused management can have implications on the conservation of habitats and biodiversity. Based on our results, we suggest to widen the scope of biodiversity measures and highlight the importance of wild land areas as well as the small-scale diversity of habitats because both make significant contributions to the provision of regulating and cultural ecosystem services. Both bogs and biodiversity are central for the supply of regulating ecosystem services. Including measures for both in the new management strategy could potentially maintain and enhance the supply of regulating ecosystem services.
We found the presence of water and arable land most important for the supply of provisioning ecosystem services. Within the management plan, arable land has been frequently associated with "traditional land use" as well as "the local economy of the hills". Because the management plan highlights the economic importance of agriculture for employment and it is one of the central land uses in the PHRP, we suggest to considering measures that enable a balanced use of farming, conservation, and recreational use to foster a sustainable and multifunctional land use management in the PHRP. Because both water and arable are currently given little priority in the strategic management and because of water's overall importance for the supply of ecosystem services, we emphasise that suitable measures, particularly for water management, should be identified and included in the revised management plan.
Finally, it is important to consider the drivers behind the production of the current management plan and the types of information and evidence used to inform this, as these factors influence the scope and content of the plan. Management plan development was informed by consultation with the PHRP Consultative Forum (see Section 2), meetings with specific land managers and the PHRP ranger service, and an initial presentation of the draft plan to the PHRP Joint Committee, a steering group which comprises elected members from the three local authorities intersecting the park as well as several advising members and is responsible for all decisions within the park's remit. Further, a statutory strategic environmental assessment (SEA) of the draft plan was undertaken in accordance with the Environmental Assessment (Scotland) Act, 2005. This provided a legal basis for wider public consultation on the draft plan along with ex-ante assessment of the plan's potential environmental effects on discrete environmental topics (e.g. species and habitats within the PHRP, water resources / assets, air quality) (Scott Wilson, 2007b) . Although not considered explicitly in our study, these process aspects could undoubtedly influence the scope and final content of the management plan and therefore its efficacy in terms of landscape management for specific objectives, including protection of biodiversity and enhancement of ecosystem services. Future iterations of the management plan should consider how these process aspects can best be designed to ensure the provision of ecosystem services. For example, using SEA as a driver for more effective public participation and integration of wider public values with plan-making (Phillips and João, 2017) ; considering how SEA could be used to assess the impacts of the plan ex-ante on ecosystems and ecosystem services (Geneletti, 2012; Baker et al., 2013) ; and further democratisation of land use management planning processes to capture wider public and stakeholder values (Bourgoin and Castella, 2011; Phillips and João, 2017) .
Though the results of this study have the potential to improve land use management decision-making for ecosystem services, the scope of the management plan in the PHRP is limited. Whereas the City of Edinburgh Council as the managing and lead authority is responsible to express the Park's strategic vision in the new management plan, the document provides an advisory function only for land owners. Despite this, deliberative processes such as stakeholder workshops that also act as a platform for communication in between actors may lead to greater acceptance of land use planning objectives (Hauck et al., 2013; Phillips and João, 2017) . As indicated at the stakeholder workshop, participants appreciated the opportunity of being actively involved in land use planning issues. At a later meeting, workshop participants expressed interest of reconvening a regular land owner meeting as a forum for raising land owner specific issues. This could be an important mechanism for delivering practical on the ground action that is largely undertaken on the basis of landowner goodwill. Further, while it can be helpful to use ecosystem service information to guide land use management decision-making (i.e. where the objective is sustaining and enhancing the provision of priority services), empirical evidence from recent studies has shown weak links between ecosystem services provision and key aspects of biodiversity, especially birds (Chan et al., 2006; Morelli et al., 2017; Ziv et al., 2017) . This highlights the importance of articulating clearly what the objectives are for the future management planning in the Park because a focus on ecosystem service provision will not necessarily result in benefits for biodiversity conservation. In this study, we suggest to incorporate ecosystem services information into the future management strategy to secure a broader set of desired outcomes. In this context, we recommend to use them alongside biodiversity and recreational conservation measures.
Conclusion
In the light of inc reasing calls for the operationalisation of ecosystem services, this study provides a practical approach for the utilisation of ecosystem service research and demonstrates the implications of adopting the ecosystem services concept in land use management. The methodology applied here, systematically reveals the variety of ecosystem services diverse stakeholders benefit from in the regional park, and effectively relates them to current management priorities. The comparison of landscape features underpinning ecosystem services and landscape features currently prioritised by land management indicated that the supply of ecosystem services could benefit from an explicit integration of specific landscape features that are crucial for the supply of ecosystem services, e.g. water bodies, bogs, and grassland into the management plan. Our results highlight the benefits of including stakeholders´perspectives, local knowledge, and participatory mapping for practical land use management planning.
In addition, our study shows that such an ecosystem services centered approach to management planning can reveal the importance of features with high relevance for biodiversity, such as the emphasis on wild areas and habitat diversity in the PHRP. However, it might not be desirable to focus on the supply of ecosystem services under all circumstances, and potential conflicts with conservation or other management objectives need to be well evaluated, in particularly for protected areas. Therefore, to give a credible account of management recommendations, it is crucial to understand management objectives, potential synergies between biodiversity conservation and ecosystem services, and possible social conflicts derived from the management of different ecosystem services.
